Abstract: In this paper we consider the generalized impulsive system with Riemann-Liouville fractional-order q 2 .1; 2/ and obtained the error of the approximate solution for this impulsive system by analyzing of the limit case (as impulses approach zero), as well as find the formula for a general solution. Furthermore, an example is given to illustrate the importance of our results.
Introduction
Fractional differential equations are excellent tools in the modeling of many phenomena in various fields of science and engineering, and the subject of fractional differential equations is gaining much attention (see [1] - [28] ).
Furthermore, impulsive differential equations are used for describing some processes with impulsive effects, and impulsive Caputo fractional differential equations were widely studied (see [29] - [34] ). Meanwhile, impulsive fractional partial differential equations were considered in (see [35] - [40] ), but there are fewer studies on impulsive system with Riemann-Liouville fractional derivative.
Recently, for impulsive system of Caputo fractional-order q 2 .0; 1/ and q 2 .1; 2/, the formulas of general solution have been found in [41, 42] , respectively. Motivated by the above-mentioned works, we will research the general solution of generalized impulsive system with Riemann-Liouville fractional derivative 
where D q aC denotes left-sided Riemann-Liouville fractional derivative of order q, I
2 q aC denotes left-sided RiemannLiouville fractional integral of order 2 q. f W J R ! R is appropriate continuous function, a D t 0 < t 1 < ::: < t m < t mC1 D T and a D N t 0 < N t 1 < ::: < N t n < N t nC1 D T . Here I .here k 1 2 f1; 2; :::; ng/, respectively. Simplifying the system (1), the following system is obtained 
Let a D t 0 < t 1 < ::: < t m < t mC1 D T; J 0 D OEa; t 1 and J k D .t k ; t kC1 .k D 1; 2; :::; m/: The rest of this paper is organized as follows. In Section 2, some definitions and conclusions are presented. In Section 3, we give the formula of general solution for impulsive differential equations with Riemann-Liouville fractional-order q2 (1, 2) . In Section 4, an example is provided to expand the main result.
Preliminaries
First, we recall some concepts of fractional calculus and conclusions for nonlinear fractional differential equations. where (:) is the Gamma function.
Definition 2.1 ([2]). The left-sided Riemann-Liouville fractional integral of order q 2 R C of function x(t) is defined by

Definition 2.2 ([2]).
The left-sided Riemann-Liouville fractional derivative of order q 2 [n-1, n], n 2 Z C of function x(t) is defined by
.t s/ n q 1 x.s/ds; .a < t Ä T/:
is equivalent to the following nonlinear Volterra integral equation of the second kind,
.t s/ q 1 f .s; u.s//ds:
Main results
In this section, for system (1), we have 
:::; n;
lim 
fthe solution of system (1)g D fthe solution of system (6)g : Therefore, we define the solution of system (1) by 
. . , n) are satisfied, the restriction of z. / to the interval.t 
So, Q u.t/ satisfies the condition of Riemann-Liouville fractional derivative and impulsive conditions in system (1), but it doesn't satisfy the conditions (i)-(iii). Thus, assume that Q u.t / is an approximate solution of (1). Therefore, we will seek solutions of system (1) by using Definition 3.1 and the approximate solution Q u.t /. Next, let us prove two useful conclusions.
Lemma 3.2. Let q 2(1, 2) and is a constant. System (4) is equivalent to the fractional integral equation 
provided that the integral in (7) exists.
Proof. 'Necessity'; it will be verified that Eq. (7) satisfies the conditions of system (4). For the system (4), we have 
It can be verified that Eq. (7) satisfies the condition (8) . Next, for each t 2 .t k ; t kC1 (where k = 0, 1, 2,. . . , m), by Eq. (7), we have 
So, Eq. (7) satisfies Riemann-Liouville fractional derivative of system (4). Finally, for each t k (here k = 1, 2,. . . , m), by Eq. (7), we obtain
Therefore, Eq. (7) satisfies impulsive conditions of (4) .
'Sufficiency'; we will verify that the solutions of system (4) satisfy Eq. (7) by using inductive method. By Lemma 2.3, we have
Using (10), we get D
Therefore, an approximate solution is provided by 
we obtain where . / is an undetermined function with .0/ D 1. Then, 
By (13), we obtain D
f .s; u.s//ds and
So, the approximate solution is given when t 2 .t 2 ; t 3
.t s/ q 1 f .s; u.s//ds; for t 2 .t 2 ; t 3 : (14)
Let e 2 .t/ D u.t/ Q u.t /; for t 2 .t 2 ; t 3 . For the exact solution u(t) of system (4), we have Therefore, 
So, by (15)- (17), we obtain e 2 .t/ D Thus, 
Using (13) and (18) to the systems (19) and (20), respectively, we have 
Next, suppose
.t a/ 
By (23), we obtain D
Then, the approximate solution is provided when t 2 .t kC1 ; t kC2
.t s/ q 1 f .s; u.s//ds; for t 2 .t kC1 ; t kC2 :
Let e kC1 .t/ D u.t/ Q u.t /; for t 2 .t kC1 ; t kC2 . For the exact solution u(t) of the system (4), we get
for t 2 .t kC1 ; t kC2 and 1 Ä j Ä k C 1:
: : : 
: : :
By (25) and (26) So, the solution of the system (4) satisfies Eq. (7). Therefore, the system (4) is equivalent to Eq. (7). The proof is now completed.
Lemma 3.3. Let q 2(1, 2) and " be a constant. System (5) is equivalent to the fractional integral equation
.t s/ q 1 f .s; u.s//ds; for t 2 .a; N t 1 ;
provided that the integral in (27) exists. 
It can be verified that Eq. (27) satisfies the condition (28) . Moreover, the approximate solution for system (5) is given by Proof. 'Necessity'; by Lemmas 3.2 and 3.3, we can verify that Eq. (29) satisfies the three implicit conditions (i)-(iii). Next, by Definitions 2.1 and 2.2, and the conclusion can be obtained that Eq. (29) satisfies Riemann-Liouville fractional derivative and impulsive conditions of system (1) .
'Sufficiency'; we will prove that the solutions of system (1) 
The results that the solution of system (1) 
Therefore, the approximate solution of system (1) 
Let O e 1 .t/ D u.t/ O u.t / for t 2 .t 0 1 ; t0 2 . By Lemma 3.2 and 3.3, the exact solution u(t) of the system (1) satisfies
.t s/ q 1 f .s; u.s//ds; for t 2 .t 0 1 ; t0 2 :
.t s/ q 1 f .s; u.s//ds 9 = ; ; for t 2 .t 0 1 ; t0 2 :
Therefore,
lim
(34) By (32)- (34), we get So, for t 2 .t 0 1 ; t0 2 , the solution of system (1) satisfies Eq. (29) . Next, for t 2 .t 0 k ; t0 kC1 (here k 2 f1; 2; : : : ; g), suppose
; for t 2 .t 0 k ; t0 kC1 :
(35) By (35), we obtain
Therefore, the approximate solution of system (1) is given when t 2 .t 0 kC1 ; t0 kC2
.t s/ q 1 f .s; u.s/ds; for t 2 .t 0 kC1 ; t0 kC2 :
For the exact solution of the system (1), we have
for t 2 .t 0 kC1 ; t0 kC2 : 
; for t 2 .t 0 kC1 ; t0 kC2 and 1 Ä l Ä k C 1:
Thus,
.t s/ q 1 f .s; u.s/ds; for t 2 .t 0 kC1 ; t0 kC2 : .t s/ q 1 f .s; u.s/ds
By (37) and (38), we have .kC1/ 1 
provided that the integral in (40) exists.
Example
Let us consider the generalized impulsive fractional-order system Remark 4.1. Here it is important to mention that in our paper, we found out the equivalent Volterra integral equation for impulsive fractional differential equations. Because there exist two arbitrary constants in Volterra integral equation for impulsive fractional differential equations (1), it means that the solution of impulsive fractional differential equations is a general solution.
Concluding remarks
We conclude our present investigation by a remark that in the present work, by considering the generalized impulsive system with Riemann-Liouville fractional-order q 2 .1; 2/, we investigate the error between the approximate solution and the exact solution by analysis of the limit case (as impulse approaches zero). Furthermore, the formula of general solution is established. Finally, an example is given to illustrate the importance of our results.
